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precipitate corresponded to more than 100% yield and the product did not elute out when silica gel chromatographic purification was attempted. However, the product 3 was found to be both TLC and NMR pure. In total the reaction was performed for 24 h. The reaction mixture was evaporated and the residue was dissolved in CH 2 Cl 2 (150 ml), washed with saturated NaHCO 3 and brine.
The organic extract was evaporated and purified by silica gel chromatography to afford the product 3b as off white foam (overall yield, 1.87, 57% 4, 165.7, 165.6, 157.7, 150.3, 136.6, 134.0, 133.9, 133.7, 131.5, 130.1, 130.1, 130.0, 129.7, 129.0, 128.9, 128.8, 128.8, 128.7, 123.2, 105.4, 89.2, 80.1, 71.7, 70.5, 63.8 Compound 5: To an ice cold solution of nucleoside 4 (0.058 g, 0.19 mmol, 1 eq.) in trimethyl phosphate (1 mL) was added freshly distilled POCl 3 (53 μL, 0.58 mmol, 3.1 eq.). The solution was stirred for 25 h at 0−4 °C. A solution of bis-tributylammonium pyrophosphate (0.5 M in DMF, 2 ml, 1.0 mmol, 5.3 eq.) and tributyl amine (0.50 mL, 2.1 mmol, 11 eq.) was then rapidly added under ice-cold condition. The reaction was quenched after 30 min with 1 M triethylammonium bicarbonate buffer (TEAB, pH 7.5, 15 mL) and was extracted with ethyl acetate (20 mL). The aqueous layer was evaporated under vacuum. The residue was purified first on a DEAE sephadex-A25 anion exchange column (10 mM-1.0 M, TEAB buffer, pH 7.5) followed by reverse-phase HPLC (Vydac C18 column, 1.0 × 25 cm, 5 μm TP silica, 0-15% acetonitrile in 100 mM triethyl ammonium acetate buffer, pH 7.0, 30 min). Appropriate fractions were lyophilized to afford the desired triphosphate product (0.102 g, 56% 
Where s is the standard, x is the nucleoside, A is the absorbance at excitation wavelength, F is the area under the emission curve, n is the refractive index of the solvent and F Φ is the quantum yield (Lavabre, D.; Fery-Forgues, S. J. Chem. Educ., 1999 , 76, 1260 -1264 .
Quenching Studies and Stern-Volmer plot: Quenching of nucleoside fluorescence by
NMPs was performed by adding aliquots of concentrated nucleotide solution (20 mM) to the nucleoside 4, where both solutions contained equal concentration of the nucleoside (5 μM). All solutions were prepared in HEPES buffer containing 0.5% DMSO (20 mM HEPES, 100 mM NaCl, 0.5 mM EDTA, pH 7.4). The nucleoside was excited at 304 nm with an excitation slit width of 5 nm and emission slit width of 8 nm, and changes in fluorescence was monitored at the emission maximum, 412 nm.
Stern-Volmer plot was obtained by plotting F 0 /F vs. concentration of the quencher (NMPs) and was fit to equation 1.
Where F 0 and F are the fluorescence intensities in the absence and presence of quenchers (NMPs) respectively, and K sv is the quenching constant.
Transcription reactions with α-32 P ATP: Single strand DNA templates were annealed to an 18-mer T7 RNA polymerase consensus promoter sequence in TE buffer (10 mM Tris-HCl, 1 mM EDTA, 100 mM NaCl, pH 7.8) by heating a 1:1 mixture (5 μM) at 90°C
for 3 min and cooling the solution slowly to room temperature. Transcription reactions were performed in 40 mM Tris-HCl buffer (pH 7.9) containing 250 nM annealed template, 10 mM MgCl 2 , 10 mM dithiothreitol (DTT), 10 mM NaCl, 2 mM spermidine, 1 U/μL RNase inhibitor (RiboLock), 1 mM GTP, 1 mM CTP, 1 mM UTP, 1 mM modified UTP 5, 20 μM ATP, 5 μCi α-32 P ATP and 2.5 U/μL T7 RNA polymerase (Fermentas) in a total volume of 20 μL. After 3 h at 37°C, reactions were quenched by adding 20 μL of loading buffer (7 M urea in 10 mM Tris-HCl, 100 mM EDTA, pH 8 and 0.05% bromophenol blue), heated to 75°C for 3 min, and samples (4 μL) were loaded onto an analytical 20% denaturing polyacrylamide gel. The products on the gel were analyzed using a phosphorimager.
Large-scale transcription reaction using template 6 was performed in 250 μL reaction volume under similar conditions to isolate RNA for enzymatic digestion. The reaction contained 2 mM NTPs, 2 mM modified UTP 5, 20 mM MgCl 2 and 600 units T7 
Transcription with different templates:
The sequence of the DNA template, particularly near the promoter region significantly controls the efficiency of a transcription reaction. To evaluate the potential of the enzyme to incorporate the modified uridine at a single position and as well as multiple positions, we designed templates, which would lead to the incorporation of 5 in positions +2 to +9 ( Figure S2 ).
Attempts to incorporate the modified UTP analogue closer to the promoter region did not result in the formation of the full length product ( Figure S3, lanes 6, 8 and 10 ). Also, we were unable to effect multiple modifications in the RNA transcript by transcription reaction ( Figure S3, lanes 12, 14 and 16 ). Above results reveal that the triphosphate 5 can be introduced into RNA strand by transcription reaction with moderate efficiency, but only at positions away from the promoter region. Figure S2 . Enzymatic incorporation of thiophene-modified ribonucleoside triphosphate 5 using different templates. DNA templates 6a-6f annealed to 18mer consensus T7 promoter and corresponding RNA transcripts. Figure S3 . Transcription reaction to study the incorporation efficiency of thiophene-modified triphosphate 5 at various positions in the transcript using different templates.
MALDI-TOF MS measurements:
Molecular weight of control and modified RNA transcripts were determined via MALDI-TOF MS. 1 µL of a ~200 µM stock solution of the transcript was combined with 1 µL of 100 mM ammonium citrate buffer (PE Biosystems), 1 µL of a 75 µM DNA standard (17-mer) and 4 µL of saturated 3-hydroxypiccolinic acid. The samples were desalted with an ionexchange resin (PE Biosystems) and spotted onto a gold-coated plate where they were air dried. The resulting spectra were calibrated relative to the +1 and +2 ions of the internal DNA standard, thus the observed oligonucleotides should have a resolution of ±2 mass units. . Emission spectra of 1.0 μM solution of nucleoside 4 (black) and RNA transcript 7 (blue) in 20 mM HEPES buffer (100 mM NaCl, 0.5 mM EDTA, pH 7.4). Excitation wavelength was 304 nm, and excitation and emission slit widths were 6 and 8 nm, respectively.
Fluorescence of thiophene-modified duplexes
Transcript RNA 7 was annealed to custom DNA oligonucleotides (9−12) by heating a 1:1 mixture (12.5 µM) of the oligonucleotides in 20 mM cacodylate buffer (pH 7.0, 500 mM NaCl, 0.5 mM EDTA) at 90°C for 3 min and cooling the samples slowly to room . Thermal melting of unmodified (red) and modified (blue) duplex constructs formed by annealing unmodified RNA transcript 8 and thiophene-modified transcript 7 with its complementary DNA strand 9 in 20 mM cacodylate buffer (pH 7, 500 mM NaCl, 0.5 mM EDTA). Duplexes were formed by heating a 1:1 mixture of the oligonucleotides at 90°C for 3 min and cooling the solutions slowly to room temperature. Concentration of each duplex was 1 μM. Figure S7 . Thermal melting of unmodified and modified duplex constructs in 20 mM cacodylate buffer (pH 7, 500 mM NaCl, 0.5 mM EDTA). Duplexes were formed by heating a 1:1 mixture of the oligonucleotides at 90°C for 3 min and cooling the solutions slowly to room temperature. Concentration of each duplex was 1 μM.
Gel mobility shift experiments: 3'-end 32 P-labeled transcript RNA 7 was synthesized by transcription reaction using α-32 P ATP. Non-radiolabeled transcript RNA 7 was doped with 32 P-labeled RNA 7, and was annealed to custom DNA oligonucleotides (9−12) by heating a 1:1 mixture (15 µM) in 20 mM cacodylate buffer (pH 7.0, 500 mM NaCl, 0.5
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mM EDTA) at 90°C for 3 min and cooling the samples slowly to room temperature, followed by incubating the solutions in ice. To each sample was added 3 μL of the loading buffer (10 mM Tris-HCl, pH 8, 30% sucrose, 10% glycerol, 0.05% bromophenol blue) and samples (5 μL) were loaded onto an analytical 20% non-denaturing polyacrylamide gel containing 500 mM NaCl. The gel was electrophoresed in TBE buffer (90 mM Tris, 90 mM boric acid and 2 mM EDTA) containing 500 mM NaCl at 125 V. The buffer was recirculated using peristaltic pump. The products on the gel were analyzed using a phosphorimager. Figure S8 . Gel mobility shift analysis of duplexes derived by annealing 32 P-labeled transcript RNA 7 to its complementary and mismatched DNA oligonucleotides. Lane 1, ssRNA 7; lane 2, duplex 7•9; lanes 3−5, mismatch duplexes 7•11, 7•12 and 7•10, respectively.
